The usual procedure in testing the germicidal strength of a compound is to note its effect on one or more species of bacteria and to compare the results with those obtained from phenol. A value known as the phenol coefficient may be calculated from the results of such a test.
Various factors must be controlled in order that the results shall be of value. These include: species of organism, viability of the organism, temperature of incubation, proportion of culture to disinfectant, size of the inoculation loop, and composition of the culture medium.
It is customary to rate disinfectants on the basis of their phenol coefficients. The method may be justifiable if the germicides are to be employed on external skin surfaces or in connection with the sterilization of non-living material. On the other hand, if disinfectants are internally administered or used on mucous surfaces, the above method presents serious objections. A germicide possessing a high phenol coefficient is usually preferred to one less potent. There would be no advantage in using a compound with a coefficient of 10 on mucous surfaces if it possessed ten times the toxicity of phenol. Phenol could be employed to equal advantage, with probably a considerable saving in the cost of the disinfectant.
It is believed that a more accurate method of rating those germicides, recommended for internal administration or for use on mucous membranes, would be to test them for their effect on the growth of living embryonic tissue as well as for their ability to kill bacteria. A number, known as the toxicity index is determined by dividing the highest dilution required to prevent the growth of embryonic chick heart tissue during 48 hours by the highest dilution required to kill the test organism after an exposure of 10 minutes.
For the preparation of tissue cultures it is necessary to have: (1) Plasma, (2) Tyrode solution, (3) tissue fragments and, (4) diluted embryonic fluid.
1. Plasma. Guinea-pig plasma is satisfactory and easily obtained. Ten cubic centimeters of blood are mixed with 1.0 cc. of a 1:1000 heparin solution. This prevents rapid coagulation of the plasma. The blood is centrifuged, the plasma removed and refrigerated until used.
2. Tyrode solution. This is a physiological salt solution containing 0.1 per cent glucose. It is used probably more than any other physiological salt solution for tissue culture work.
3. Tissue fragments. Chick hearts removed from 9-day-old embryos are used in pieces from 0.5 to 1.0 mm. in diameter. The size should be as uniform as possible, never larger than 1.0 mm. in diameter.
4. Dilute embryonic fluid. This is prepared by mincing chick embryos in a tissue grinder and diluting with 5 parts of Tyrode solution. The suspension is then centrifuged and the clear supernatant fluid removed. The embryonic fluid serves as food for the tissues.
The various dilutions of the germicide under examination are made in the embryonic fluid.
The The results show that the simple inorganic compounds rate considerably better than some of the newer organic preparations. In both series iodine gave the lowest toxicity index while mercurochrome proved to be the most toxic. The toxicity indices are not always proportional to the phenol coefficients. Iodine trichloride and metaphen have the same phenol coefficient yet metaphen is about 32 times more toxic to embryonic chick heart tissue than the iodine compound (table 1). As a germicide merthiolate is over 100 times more potent than mercurochrome but only about one-eighth as toxic to tissue.
An important conclusion is that the older and simpler germicides rate considerably higher than the newer and more complex compounds. Iodine is one of the oldest germicides known. It is usually employed as tincture of iodine, an alcoholic solution, which is quite irritating, due to the presence of the alcohol. Because of this irritating property the alcoholic solution is gradually losing favor. In aqueous solution, however, the iodine is non-irritating and relatively non-toxic to tissue. It is the most ideal of any of the compounds studied when tested by the tissue culture technique.
Of the newer organic preparations examined hexylresorcinol gave the lowest toxicity index on Staphylococcus aureus (grampositive), while metaphen gave the lowest figure when tested on Eberthella typhosa (gram-negative).
The above germicides are being retested in an attempt to control some of the more obvious variables. Some of these are, (1) temperature, (2) time of action of chemical on bacteria and tissue, and (3) presence of organic matter.
